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(54) ELASTIC BOUNDARY WAVE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To facilitate characteristic designs and 
production and to obtain a stable characteristic by forming a comb- 
line electrode at recessed parts which are periodically provided on a 
main surface of one piezoelectric material single-crystal substrate, 
performing cleaning and hydrophilic processing of the surfaces of 
two substrates as an interface, overlapping them, performing heat 
processing and directly bonding them on an atomic level. 
SOLUTION: After a piezoelectric material single-crystal substrate 
1 1 is cleaned, a photoresist mask is formed and performed etching, 
and a metallic film is formed on a plane on which recessed parts are 
periodically formed with vacuum deposition. Next, a metallic film 
except the photoresist mask and the recessed parts is eliminated, 
the metallic film remains only at the recessed parts, and comb-line 
electrodes 13, 13', 14 and 14' are formed. After that, piezoelectric 
material single-crystal substrates 11 and 12 are overlapped and 
undergo thermal processing at about 200° C for ten hours after 
their surfaces are cleaned, and hydrophilic processing is performed. 
As a result, bonding that is related to oxygen, hydrogen and 
substrate component atoms proceeds from the bonding of hydrogen 
bonding subjects of a hydroxyl group and bonding is strengthened. 
This improves a piezoelectric and elastic quality and increases the 
degrees of freedom for designing. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It consists of the 1st substrate, the 2nd substrate, and a Kushigata electrode for exciting an elastic wave. 
One [ at least ] substrate of said 1st and 2nd substrates is a piezo electric crystal single crystal. And said Kushigata 
electrode is formed in the crevice where one [ at least ] substrate was periodically formed on the principal plane on 
the other hand. The elastic boundary wave component characterized by joining directly the substrate front face 
which turns into said the 1st and junction interface of said 2nd substrate so that the field in which said Kushigata 
electrode was formed may turn into an interface on atomic level defecation and by carrying out hydrophilization 
processing and carrying out superposition heat treatment. 

[Claim 2] The elastic boundary wave component according to claim 1 characterized by all the aforementioned 
substrates being piezo electric crystal single crystals. 

[Claim 3] The elastic boundary wave component according to claim 1 or 2 characterized by choosing at least one 
substrate from the matter which uses silicon, oxidation silicon, and oxidation silicon as a principal component among 
the aforementioned 1 st and the 2nd aforementioned substrate. 

[Claim 4] The 1 st substrate, the 2nd substrate, and the 3rd substrate pinched by said 1 st substrate and 2nd 
substrate, It consists of a Kushigata electrode for exciting an elastic wave, and at least one substrate of said 1st, 
2nd, and 3rd substrates is a piezo electric crystal single crystal. And said Kushigata electrode is formed in the 
crevice of at least one substrate formed on the principal plane on the other hand. The elastic boundary wave 
component characterized by joining directly the substrate front face which turns into a junction interface of said 
1st, 2nd, and 3rd substrates so that the field in which said Kushigata electrode was formed may turn into at least 
one interface on atomic level defecation and by carrying out hydrophilization processing and carrying out 
superposition heat treatment. 

[Claim 5] The elastic boundary wave component according to claim 4 characterized by all the aforementioned 
substrates being piezo electric crystal single crystals. 

[Claim 6] The elastic boundary wave component according to claim 4 or 5 characterized by choosing at least one 
substrate from the matter which uses silicon, oxidation silicon, and oxidation silicon as a principal component among 
the 1st, 2nd, and 3rd aforementioned substrates. 

[Claim 7] An elastic boundary wave component given in either of claims 1-6 characterized by being the alloy with 
which the Kushigata electrode uses gold as a principal component. 

[Claim 8] An elastic boundary wave component given in either of claims 1-7 characterized by forming a protective 
layer in the Kushigata electrode. 



[Translation done.] 
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PROBLEM TO BE SOLVED: To facilitate characteristic designs and production 
and to obtain a stable characteristic by forming a comb-line electrode at recessed 
parts which are periodically provided on a main surface of one piezoelectric 
material single-crystal substrate, performing cleaning and hydrophilic processing 
of the surfaces of two substrates as an interface, overlapping them, performing 
heat processing and directly bonding them on an atomic level. 
SOLUTION: After a piezoelectric material single-crystal substrate 11 is cleaned, 
a photoresist mask is formed and performed etching, and a metallic film is 
formed on a plane on which recessed parts are periodically formed with vacuum 



deposition. Next, a metallic film except the photoresist mask and the recessed 
parts is eliminated, the metallic film remains only at the recessed parts, and 
comb-line electrodes 13, 13', 14 and 14' are formed. After that, piezoelectric 
material single-crystal substrates 11 and 12 are overlapped and undergo thermal 
processing at about 200°C for ten hours after their surfaces are cleaned, and 
hydrophilic processing is performed. As a result, bonding that is related to 
oxygen, hydrogen and substrate component atoms proceeds from the bonding of 
hydrogen bonding subjects of a hydroxyl group and bonding is strengthened. 
This improves a piezoelectric and elastic quality and increases the degrees of 
freedom for designing. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It consists of the 1st substrate, the 2nd substrate, and a Kushigata 
electrode for exciting an elastic wave. One [ at least ] substrate of said 1st and 
2nd substrates is a piezo electric crystal single crystal. And said Kushigata 
electrode is formed in the crevice where one [ at least ] substrate was periodically 
formed on the principal plane on the other hand. The elastic boundary wave 
component characterized by joining directly the substrate front face which turns 
into said the 1st and junction interface of said 2nd substrate so that the field in 
which said Kushigata electrode was formed may turn into an interface on atomic 
level defecation and by carrying out hydrophilization processing and carrying out 
superposition heat treatment. 

[Claim 2] The elastic boundary wave component according to claim 1 
characterized by all the aforementioned substrates being piezo electric crystal 
single crystals. 

[Claim 3] The elastic boundary wave component according to claim 1 or 2 
characterized by choosing at least one substrate from the matter which uses 
silicon, oxidation silicon, and oxidation silicon as a principal component among 
the aforementioned 1st and the 2nd aforementioned substrate. 



[Claim 4] The 1st substrate, the 2nd substrate, and the 3rd substrate pinched by 
said 1st substrate and 2nd substrate, It consists of a Kushigata electrode for 
exciting an elastic wave, and at least one substrate of said 1st, 2nd, and 3rd 
substrates is a piezo electric crystal single crystal. And said Kushigata electrode 
is formed in the crevice of at least one substrate formed on the principal plane on 
the other hand. The elastic boundary wave component characterized by joining 
directly the substrate front face which turns into a junction interface of said 1st, 
2nd, and 3rd substrates so that the field in which said Kushigata electrode was 
formed may turn into at least one interface on atomic level defecation and by 
carrying out hydrophilization processing and carrying out superposition heat 
treatment. 

[Claim 5] The elastic boundary wave component according to claim 4 
characterized by all the aforementioned substrates being piezo electric crystal 
single crystals. 

[Claim 6] The elastic boundary wave component according to claim 4 or 5 
characterized by choosing at least one substrate from the matter which uses 
silicon, oxidation silicon, and oxidation silicon as a principal component among 
the 1st, 2nd, and 3rd aforementioned substrates. 

[Claim 7] An elastic boundary wave component given in either of claims 1-6 
characterized by being the alloy with which the Kushigata electrode uses gold as 
a principal component. 

[Claim 8] An elastic boundary wave component given in either of claims 1-7 
characterized by forming a protective layer in the Kushigata electrode. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the elastic boundary wave 

component used for a filter, a resonator, etc. 

[0002] 

[Description of the Prior Art] In recent years, small [ of communication 
equipment ], a light weight, and high performance-ization are progressing by 
advance development of mobile communication technology. An oscillator and a 
high pass filter are surely required for these devices, and small, a light weight, 
and high performance-ization are called for also from these oscillators and high 
pass filters. The surface acoustic element has been conventionally used for 
these oscillators and high pass filters widely. A surface acoustic element is a 
device with which an elastic wave mainly spreads a solid-state front face. 
Therefore, the condition of a solid-state front face and its near affects the 
propagation property of a surface acoustic wave greatly. The gas near [ which an 
elastic wave specifically spreads ] the solid-state front face, a steam, etc. affect it. 
Therefore, space needed to be held on the substrate front face which an elastic 
wave spreads, for example, the surface acoustic element was put into the 
package, it was filled up with inert gas, and the closure was performed. Thus, a 
package is required for a surface acoustic element, and the magnitude of an 
oscillator or a high pass filter is decided by magnitude of a package. Therefore, 
there was a limitation in the miniaturization of an oscillator or a high pass filter, 
and lightweight-ization. 



[0003] There is an elastic boundary wave component to solve the above- 
mentioned problem. An elastic boundary wave component is a device with which 
energy is centralized on the interface to which two solid-states were joined, and 
an elastic wave mainly spreads a junction interface. Since the interface has not 
exposed the elastic boundary wave component, the miniaturization and 
lightweight-izing of an oscillator or a high pass filter of a package are attained 
unnecessarily therefore. With the conventional elastic boundary wave component, 
for example, an elastic boundary wave filter and an elastic boundary wave 
resonator, after forming the Kushigata electrode in a piezo-electric substrate, a 
non-piezo-electricity layer is formed by the forming-membranes methods, such 
as a spatter. Or after forming the Kushigata electrode in a non-piezo-electricity 
substrate, a piezo-electric layer is formed by the forming-membranes methods, 
such as a spatter, and a non-piezo-electricity layer is further formed in said 
piezo-electric layer by approaches, such as a spatter. The elastic boundary wave 
is excited by adding an alternating electric field to said electrode (the Japan 
Society for the Promotion of Science surface acoustic element technical 150th 
time [ 9th ] committee study materials, pp. 17-22). The conventional elastic 
boundary wave component is explained below. Drawing 1 1 shows the 
conventional elastic boundary wave component. An elastic boundary wave 
component is constituted using the piezo electric crystal substrate 71 , the non- 
piezo electric crystal layer 72, the Kushigata electrodes 73 and 74, 73', and 74'. 
The Kushigata electrodes 73 and 74, 73', and 74* are formed on the piezo 
electric crystal substrate 71, and the non-piezo electric crystal layer 72 is formed 
by the forming-membranes methods, such as a spatter, on an electrode forming 
face. 
[0004] 

[Problem(s) to be Solved by the Invention] The above-mentioned elastic 
boundary wave device forms a laminated structure using a thin film process. In 
this case, a limit is received in the combination of a substrate and a film 
ingredient. For example, when choosing a piezo electric crystal as a film 



ingredient, in order to take out a piezo-electric property, it is required to make an 
one direction arrange and carry out orientation of the crystal orientation at least, 
but in order to carry out orientation, the combination of a substrate and a film 
ingredient is limited extremely. Moreover, the membranous direction of 
orientation is also limited. Moreover, the piezoelectric film formed by sputtering 
etc. has large dispersion in an elastic property, and a piezo-electric property is 
inferior in it compared with a bulk single crystal. Although it is desirable to form a 
piezo-electric single crystal thin film with an epitaxial growth technique desirably, 
the substrate which can do epitaxial growth is restricted and the combination of a 
substrate and a film ingredient is limited further. Moreover, although the 
laminated structure by the substrate of arbitration and the combination of a piezo 
electric crystal is called for in order to correspond to the elastic boundary wave 
component of various applications, by the approach by the conventional 
membrane formation, combination is limited extremely. Moreover, in a thin film 
process, since substrate heating is required, residual stress poses a problem. 
When stress remains too much in a substrate cooling process, specifically, a 
substrate may be destroyed. Even when not resulting in substrate destruction, 
curvature arises in a substrate, and it becomes the cause of fault in using a 
photolithography for a process. Moreover, although the substrate thickness of 
extent whose variation rate of an elastic boundary wave is substantially lost in a 
laminated-circuit-board front face was required for the elastic boundary wave 
component, when based on membrane formation, deposition of the film of 
sufficient thickness took time amount, and there was a problem practically. 
Moreover, when adhesives are used as a means of a laminating, there is a limit 
in the thinness of a glue line and it is still more difficult to make thickness of a 
glue line into homogeneity. Moreover, in a glue line, an elastic boundary wave is 
decreased remarkably, and a desirable property is not acquired. Moreover, the 
elastic property of a glue line also changes with time amount. The purpose of this 
invention makes it possible to realize the laminated structure in the bulk substrate 
ingredient of arbitration without a glue line, and to form the Kushigata electrode in 



an interface, and a property design and manufacture are easy for it, and it is 
offering the elastic boundary wave component by which the property's was 
stabilized. 
[0005] 

[Means for Solving the Problem] The 1st elastic boundary wave component of 
this invention consists of the 1st substrate, the 2nd substrate, and a Kushigata 
electrode for exciting an elastic wave. One [ at least ] substrate of said 1st and 
2nd substrates is a piezo electric crystal single crystal, and said Kushigata 
electrode is formed in the crevice where one [ at least ] substrate was periodically 
formed on the principal plane on the other hand. Said the 1st and said 2nd 
substrate are directly joined so that the field in which said Kushigata electrode 
was formed may turn into an interface. Direct junction is defecation and junction 
of the atomic level which carried out hydrophilization processing and minded the 
oxygen atom according the substrate front face used as a junction interface to 
carrying out superposition heat treatment. In this structure, it is characterized by 
an elastic wave mainly spreading the junction interface of said 1st substrate and 
said 2nd substrate. By taking such a configuration, it excels in a piezo-electric 
property and the degree of freedom of a design can offer a large elastic boundary 
wave component. Moreover, the 2nd elastic boundary wave component of this 
invention consists of the 1st substrate, the 2nd substrate, the 3rd substrate 
pinched by said 1st substrate and 2nd substrate, and a Kushigata electrode for 
exciting an elastic wave. At least one substrate of said 1st and 2nd, and 3rd 
substrate is a piezo electric crystal single crystal, and said Kushigata electrode is 
formed in the crevice where at least one substrate was periodically formed on the 
principal plane on the other hand. As the field in which said Kushigata electrode 
was formed for said 1st and 2nd, and 3rd substrate turns into an interface, it is 
joined directly mutually. Direct junction is defecation and junction of the atomic 
level which carried out hydrophilization processing and minded the oxygen atom 
according the substrate front face used as a junction interface to carrying out 
superposition heat treatment. In this structure, it is characterized by an elastic 



wave mainly spreading said 3rd substrate. By taking such a configuration, it 
excels in a piezo-electric property and the degree of freedom of a design can 
offer a large elastic boundary wave component. Moreover, said all substrates 
may be piezo electric crystal single crystals. Moreover, said at least one 
substrate may be chosen from the matter which uses silicon, oxidation silicon, 
and oxidation silicon as a principal component. Moreover, said Kushigata 
electrode may be the alloy which uses gold as a principal component. Moreover, 
the protective layer may be formed in said Kushigata electrode. 
[0006] 

[Embodiment of the Invention] Hereafter, it explains to a detail, referring to an 
attached drawing about the gestalt of operation of this invention. 
(Gestalt 1 of operation) Drawing 1 is 1 section notching perspective view of the 
gestalt of operation of the 1st of the elastic boundary wave component of this 
invention, and drawing 2 is a sectional view in the a-a' section of drawing 1 . The 
elastic boundary wave component shown in drawing 1 and drawing 2 is 
constituted using the piezo electric crystal single crystal substrate 1 1 , the piezo 
electric crystal single crystal substrate 12, the Kushigata electrodes 13 and 14, 
13', and 14'. The crevice is formed in the plane of composition of one piezo 
electric crystal single crystal substrate 1 1 with the predetermined period, and the 
Kushigata electrodes 13 and 14, 13', and 14' are formed in said crevice. In the 
device which drawing 3 R> 3 shows the piezo electric crystal single crystal 
substrate 11 and the piezo electric crystal single crystal substrate 12, 
respectively, and is shown in drawing 1 and drawing 2 , the piezo electric crystal 
single crystal substrate 1 1 and the piezo electric crystal single crystal substrate 
12 are laminated without adhesives by direct junction. In addition, although one 
[ at least ] substrate of the 1st and 2nd substrates 1 1 and 12 should just be a 
piezo electric crystal single crystal, with this operation gestalt, both substrates 
are single crystal substrates. By impressing an alternating electric field to the 
Kushigata electrodes 13 and 14, an elastic boundary wave is excited and an 
elastic boundary wave spreads the actuation as an elastic boundary wave 



component in accordance with the interface between both the piezo electric 
crystal substrates 1 1 and 12. This elastic boundary wave is again changed into 
an electrical signal by Kushigata electrode 13' and 14'. In addition, although the 
basic configuration of the elastic boundary wave which used the Kushigata 
electrode is shown in drawing 1 and drawing 2 , in making it a filter and a 
resonator, it changes the number and configuration of the Kushigata electrode if 
needed. 

[0007] Formation of the Kushigata electrode and direct junction are large, and the 
manufacture process of this elastic boundary wave component is divided into two 
processes. Formation of the Kushigata electrode is explained first. A procedure is 
shown for the method of forming the Kushigata electrode in drawing 4 later on. 
After washing the piezo electric crystal single crystal substrate 1 1 first, the 
photoresist mask 15 is formed (a). Next, the substrate side 1 1 in which the 
photoresist mask 15 was formed is etched in a fluoric acid system water solution, 
and a crevice is formed periodically (b). Next, a metal membrane 16 is formed in 
the field in which the crevice was formed, with a vacuum deposition method (c). 
The desirable thing equivalent to the depth of a crevice or slightly thin of the 
thickness of a metal membrane 16 is good. Finally the photoresist mask 15 is 
removed (d). Metal membranes other than a crevice also exfoliate at this time, 
and a metal membrane 16 remains only in a crevice. 

[0008] The Kushigata electrode may be formed as follows. A procedure is shown 
for the method of forming the Kushigata electrode in drawing 5 later on. After 
washing the piezo electric crystal single crystal substrate 1 1 first, the photoresist 
mask 15 is formed (a). The substrate 11 which formed the photoresist mask 15 
next is etched in a fluoric acid system water solution, and a crevice is formed 
periodically (b). Then, the photoresist mask 15 is removed (c). Next, a metal 
membrane 16 is formed in the field in which the crevice was formed, with a 
vacuum deposition method (d). The thickness of a metal membrane 16 has 
preferably good depth, EQC, or only thick thing of a crevice here. In order to 
remove metal membranes 16 other than said crevice finally, it is failed by polish 



(mechanochemical polishing) using an abrasive grain to delete the front face of a 
metal membrane 16 and the piezo electric crystal single crystal substrate 11 (e). 
A metal membrane 16 remains only in a crevice according to the above process. 
With an above-mentioned elastic boundary wave component, although the 
Kushigata electrode was formed with vacuum deposition, it may use other 
forming methods, such as sputtering. Moreover, with the gestalt of this operation, 
in order to use an alkali system solution in hydrophilization processing of a direct 
junction process, the metal which uses gold as a principal component as an 
ingredient of the Kushigata electrode was used. When the metal which does not 
use gold as a principal component also forms a protective coat after the 
Kushigata electrode formation, the direct junction process in the gestalt of this 
operation can be performed satisfactory. 

[0009] Next, a direct junction process is explained. First, the front face of the 
piezo electric crystal single crystal substrate (the crevice is formed) 1 1 which it is 
going to join directly, and the front face of the piezo electric crystal single crystal 
substrate 12 are defecated. Then, hydrophilization processing is carried out. By 
specifically dipping in an ammonia-hydrogen-peroxide solution, a hydroxyl group 
comes to adhere to a front face easily, and hydrophilization is carried out. Next, 
pure water washes enough. Thereby, a hydroxyl group adheres to the front face 
of two substrates 1 1 and 12. If said two substrates are piled up in this condition, 
said two substrates will adsorb mainly by the hydrogen bond of a hydroxyl group. 
Thereby, the front face of the piezo electric crystal single crystal substrate 1 1 and 
the front face of the piezo electric crystal single crystal substrate 12 join together 
on atomic level, and direct junction structure of both substrates is realized. The 
above direct junction process is performed in ordinary temperature. 
[0010] Although bonding strength sufficient also as [ this ] is obtained, in order to 
strengthen bonding strength further, the water constituent falls out from the 
junction interface gradually by heat-treating from several 10 minutes at the 
temperature of 100 degrees C or more for several 10 hours with that adsorbed 
state. In the gestalt of this operation, heat treatment of 10 hours is performed at 



about 200 degrees C. Association with which oxygen, hydrogen, and a substrate 
configuration atom are concerned progresses, junction of substrate configuration 
atoms begins from association of the hydrogen bond subject of a hydroxyl group 
gradually, and junction is strengthened by this heat treatment. When there are 
silicon, carbon, and oxygen especially, covalent bond progresses and junction is 
strengthened. 

[001 1] The junction structure of atomic level where direct junction does not mind 
the adhesives between two matter is said. With this operation gestalt, direct 
junction is chemical bond structure of the atomic level through an oxygen atom 
which carries out hydrophilization processing and is realized defecation and by 
carrying out superposition heat treatment in the substrate front face used as a 
junction interface. Since direct junction is joined in the precision of a crystal 
lattice, i.e., atomic order, and there is no elastic discontinuity of a junction 
interface, the propagation loss of the elastic wave in a junction interface is very 
small. Moreover, since direct junction is used and the junction itself takes place in 
ordinary temperature, in junction, residual stress is not produced in a substrate. 
Moreover, since direct junction is used, maintaining a piezo-electricity elastic 
property [ bulk ] unlike a thin film formation process, it is the ingredient 
combination of arbitration and a compound laminated circuit board is obtained by 
the crystal orientation of arbitration. For this reason, it can respond to the elastic 
boundary wave component of various applications. Moreover, since bulk 
substrates are joined, membrane formation time amount is not needed like the 
film, but an elastic boundary wave component can be produced within practical 
time amount. Moreover, an electrode layer can be formed only in the crevice 
established in one substrate, and it makes it possible to embed the Kushigata 
electrode easily by direct junction at an interface. Moreover, the same 
effectiveness as an above-mentioned elastic boundary wave component is 
acquired also with the structure which transposed one substrate of the piezo 
electric crystal single crystal substrates 1 1 and 12 to the low-fever expansion 
coefficient glass substrate or the quartz substrate. About this structure, since a 



low-fever expansion coefficient glass substrate or a quartz substrate is the 
ingredient which can etch easily, a crevice tends [ furthermore ] to form it. It is 
effective in furthermore the temperature dependence of the propagation property 
of an elastic wave being improved. Moreover, the same effectiveness as said 
elastic boundary wave component is acquired also with the structure which 
transposed one substrate of the piezo electric crystal single crystal substrates 1 1 
and 12 to the silicon substrate. Furthermore about this structure, there is 
effectiveness of the miniaturization of the device by compound-izing with a 
semiconductor circuit. As mentioned above, according to the gestalt of this 
operation, it excels in a piezo-electric property and elasticity at a bulk substrate 
and an EQC, and the degree of freedom of a design can offer a large elastic 
boundary wave component. In addition, although the crevice was formed in the 
piezo electric crystal substrate 11 and the Kushigata electrode was formed with 
the gestalt of this operation, even if it forms a crevice in the piezo electric crystal 
substrate 12 of another side and forms the Kushigata electrode, it cannot be 
overemphasized that the same effectiveness is acquired. 
[0012] (Gestalt 2 of operation) Drawing 6 is 1 section notching perspective view 
of the gestalt of operation of the 2nd of the elastic boundary wave component of 
this invention, and drawing 7 is a sectional view in the a-a' section of drawing 6 . 
As shown in drawing 6 and drawing 7 R> 7, the elastic boundary wave 
component is constituted using the piezo electric crystal single crystal substrate 
41, the piezo electric crystal single crystal substrate 42, the piezo electric crystal 
single crystal substrate 43, the Kushigata electrodes 44 and 45, 44', and 45'. The 
crevice is formed in the plane of composition of the piezo electric crystal single 
crystal substrate 41 with the predetermined period, and said Kushigata electrode 
is formed in said crevice. Drawing 3 shows the piezo electric crystal single crystal 
substrate 41, the piezo electric crystal single crystal substrate 42, and the piezo 
electric crystal single crystal substrate 43, respectively, and the piezo electric 
crystal single crystal substrate 41, the piezo electric crystal single crystal 
substrate 42, and the piezo electric crystal single crystal substrate 43 of each 



other are laminated by direct junction. In addition, although at least one substrate 
of three substrates 41 , 42, and 43 should just be a piezo electric crystal single 
crystal, with this operation gestalt, all of three substrates are single crystal 
substrates. When operating as an elastic boundary wave component, by 
impressing an alternating electric field to the Kushigata electrodes 44 and 45, an 
elastic boundary wave is excited and said elastic boundary wave spreads in 
accordance with said interface. Here, if thickness of the 2nd piezo electric crystal 
single crystal substrate 42 is made thin, unlike the elastic boundary wave 
component of the 1st operation gestalt, an elastic boundary wave will mainly 
spread the inside of the piezo electric crystal single crystal substrate 42. An 
elastic boundary wave is again changed into an electrical signal by Kushigata 
electrode 44' and 45'. Although the gestalt of this operation shows the basic 
configuration of the elastic boundary wave component which used the Kushigata 
electrode, in actually making it a filter and a resonator, it changes the number 
and configuration of the Kushigata electrode like the 1st operation gestalt if 
needed. 

[0013] By the way, formation of the Kushigata electrode and direct junction are 
large, and the manufacture process of an elastic boundary wave component is 
divided into two processes. First, the method of forming the Kushigata electrode 
is explained. A procedure is shown for the method of forming the Kushigata 
electrode in drawing 9 later on. The method of forming the future Kushigata 
electrodes is the same as that of the 1st operation gestalt. After washing the 
piezo electric crystal single crystal substrate 41 first, the photoresist mask 46 is 
formed (a). Next, the substrate side in which the photoresist mask 46 was formed 
is etched in a fluoric acid system water solution, and a crevice is formed 
periodically (b). Next, a metal membrane 47 is formed in the field in which said 
crevice was formed, with a vacuum deposition method (c). The desirable thing 
equivalent to the depth of said crevice or slightly thin of the thickness of a metal 
membrane 47 is good here. Finally the photoresist mask 46 is removed (d). At 
this time, metal membranes other than said crevice also exfoliate, and a metal 



membrane 47 remains only in said crevice. 

[0014] Moreover, the Kushigata electrode may be formed as follows. A procedure 
is shown for the method of forming the Kushigata electrode in drawing 10 later on. - 
After washing the piezo electric crystal single crystal substrate 41 first, the 
photoresist mask 46 is formed (a). The substrate which formed the photoresist 
mask 46 next is etched in a fluoric acid system water solution, and a crevice is 
formed periodically (b). Then, the photoresist mask 46 is removed (c). Next, a 
metal membrane 47 is formed in the field in which the crevice was formed, with a 
vacuum deposition method (d). The thickness of a metal membrane 47 has 
preferably good depth, EQC, or only thick thing of a crevice. In order to remove 
metal membranes 47 other than a crevice finally, it is failed by polish 
(mechanochemical polishing) using an abrasive grain to delete the front face of a 
metal membrane 47 and the piezo electric crystal single crystal substrate 41 (e). 
A metal membrane 47 remains only in said crevice according to the above 
process. With an above-mentioned elastic boundary wave component, although 
the Kushigata electrode was formed with vacuum deposition, it may use other 
forming methods, such as sputtering. Moreover, with the gestalt of this operation, 
in order to use an alkali system solution in hydrophilization processing of a direct 
junction process, the metal which uses gold as a principal component as an 
ingredient of the Kushigata electrode was used. When the metal which does not 
use gold as a principal component also forms a protective coat after the 
Kushigata electrode formation, the direct junction process in the gestalt of this 
operation can be performed satisfactory. 

[0015] Next, a direct junction process is explained. The front face of the piezo 
electric crystal single crystal substrate (a crevice is formed) 41 which it is going to 
join directly first and the front face of the piezo electric crystal single crystal 
substrate 42, and the front face of the piezo electric crystal single crystal 
substrate 43 are defecated. Then, hydrophilization processing is carried out. By 
specifically dipping in an ammonia-hydrogen-peroxide solution, a hydroxyl group 
comes to adhere to a front face easily, and hydrophilization is carried out. Next, 



pure water washes enough. Thereby, a hydroxyl group adheres to the front face 
of three substrates 41-43. If three substrates 41-43 are piled up in this condition, 
three substrates 41-43 will adsorb mainly by the hydrogen bond of a hydroxyl 
group. The above direct junction process is performed in ordinary temperature. 
[0016] Although bonding strength sufficient also as [ this ] is obtained, in order to 
strengthen bonding strength further, the water constituent falls out from the 
junction interface gradually by heat-treating from several 10 minutes at the 
temperature of 100 degrees C or more for several 10 hours with that adsorbed 
state. In the gestalt of this operation, heat treatment of 10 hours is performed at 
about 200 degrees C. Association with which oxygen, hydrogen, and a substrate 
configuration atom are concerned progresses, junction of substrate configuration 
atoms begins from association of the hydrogen bond subject of a hydroxyl group 
gradually, and junction is strengthened by this heat treatment. When there are 
silicon, carbon, and oxygen especially, covalent bond progresses and junction is 
strengthened. 

[0017] Since direct junction is joined in the precision of a crystal lattice, i.e., 
atomic order, and there is no elastic discontinuity of a junction interface, the 
propagation loss of the elastic wave in a junction interface is very small. 
Moreover, if direct junction is used, since the junction itself will take place in 
ordinary temperature, in junction, residual stress is not produced in a substrate. 
Moreover, if direct junction is used, since it is the ingredient combination of 
arbitration and a compound laminated circuit board is obtained [ and ] by the 
crystal orientation of arbitration, maintaining a piezo-electricity elastic property 
[ bulk ] unlike a thin film formation process, it can respond to the elastic boundary 
wave component of various applications. Moreover, since bulk substrates are 
joined, time amount for depositing the film is not needed, but an elastic boundary 
wave component can be created within practical time amount. Moreover, with 
this operation gestalt, an electrode layer can be formed only in the crevice 
established in one substrate, and it makes it possible to embed the Kushigata 
electrode easily by direct junction at an interface. Moreover, the same 



effectiveness as said elastic boundary wave component is acquired also with the 
structure which transposed both the piezo electric crystal single crystal 
substrates 41 and 43 in this operation gestalt to the low-fever expansion 
coefficient glass substrate. It is effective in becoming easy to form a crevice in 
said low-fever expansion coefficient glass substrate, and furthermore, the 
temperature dependence of the propagation property of an elastic wave being 
improved about this structure. Moreover, the same effectiveness as said elastic 
boundary wave component is acquired also with the structure which transposed 
the piezo electric crystal single crystal substrate 42 in this operation gestalt to the 
quartz. Furthermore about this structure, it is effective in the temperature 
dependence of the propagation property of an elastic wave being improved. As 
mentioned above, according to this operation gestalt, it excels in a piezo-electric 
property and elasticity at a bulk substrate and an EQC, and the degree of 
freedom of a design can offer a large elastic boundary wave component. 
[0018] In addition, although the crevice was formed in the piezo electric crystal 
substrate 41 with this operation gestalt, even if it forms a crevice in the piezo 
electric crystal substrate 42 or the piezo electric crystal substrate 43, it cannot be 
overemphasized that the same effectiveness is acquired. Moreover, although the 
crevice was formed only in the piezo electric crystal substrate 41 , it may combine 
also with the interface of other substrates 42 or 43, and a crevice may be formed. 
Moreover, although three substrates were collectively joined directly with this 
operation gestalt, the same effectiveness is acquired even if it joins the one 
remaining substrate to a substrate [ finishing / junction ] directly, after joining two 
substrates directly. 
[0019] 

[Effect of the Invention] Since the 1st elastic boundary wave component of this 
invention consists of direct junction structure of the 1st substrate and the 2nd 
substrate, an elastic wave mainly spreads the junction interface of said 1 st 
substrate and said 2nd substrate. Moreover, since the 2nd elastic boundary wave 
component of this invention consists of direct junction structure of the 1st - the 



3rd substrate, an elastic wave mainly spreads said 3rd substrate. Since an 
interface consists of direct junction structure, it excels in a piezo-electricity elastic 
property, and an elastic boundary wave component with the large degree of 
freedom of a design can be realized. 
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[Brief Description of the Drawings] 

[Drawing 1] 1 section notching perspective view of the elastic boundary wave 
component of the gestalt of operation of the 1st of this invention 
[Drawing 2] The sectional view of the aforementioned elastic boundary wave 
component 

[Drawing 3] The perspective view of a piezo electric crystal single crystal 
substrate and a piezo electric crystal single crystal substrate 
[Drawing 4] The explanatory view of the 1st electrode forming method of the 
aforementioned elastic boundary wave component 

[Drawing 5] The explanatory view of the 2nd electrode forming method of the 
aforementioned elastic boundary wave component 

[Drawing 6] 1 section notching perspective view of the elastic boundary wave 



component of the gestalt of operation of the 2nd of this invention 

[Drawing 7] The sectional view of the aforementioned elastic boundary wave 

component 

[Drawing 8] The perspective view of a piezo electric crystal single crystal 
substrate and a piezo electric crystal single crystal substrate 
[Drawing 9] The explanatory view of the 1st electrode forming method of the 
aforementioned elastic boundary wave component 

[Drawing 10] The explanatory view of the 2nd electrode forming method of the 

aforementioned elastic boundary wave component 

[Drawing 1 1] The sectional view of the conventional elastic boundary wave 

component 

[Description of Notations] 

1112 Piezo electric crystal single crystal substrate 
13, 13', 14, 14' Kushigata electrode 
16 Metal Layer 

41, 42, 43 Piezo electric crystal single crystal substrate 
44, 44', 45, 45' Kushigata electrode 
47 Metal Layer 
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[Drawing 1 1] 
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